Topography measurements of land surface elevation changes are essential for geomorphological studies and research on natural hazards. However, conventional topography and remote sensing methods pose several challenges. Fieldwork in remote areas could be insecure or be hard to conduct due to physical barriers. Remote sensing satellite images, in turn, may lack the temporal resolution for monitoring topography changes or be covered by clouds and shadows that reduce their usefulness. Unmanned Aerial Vehicles (UAV) provide high-resolution imagery from remote areas and may give a greater insight into land surface changes. Previous studies have demonstrated the potential of the Normalized Difference Elevation Index (NDEI), derived from UAV surveys, to map changes in topography in different environments, including a quarry zone of sand mines in Colombia, and in the North Pole Ice Cap. As the NDEI is a metric capable to reveal topography disturbances, it could be exploited for rapid assessments of mass movements occurrence. For this research, a fine temporal resolution dataset of monthly NDEI values were used to explore their utility as a mass wasting identification technique. NDEI was used to map changes in the land surface in a quarry zone affected by landslides and mudflows. NDEI values were obtained from the multi-temporal analysis of digital surface models generated from UAV images and processed using Structure from motion (SfM) techniques. Main components of the proposed method are: (i)UAVbased imagery data capture, (ii)data processing using SfM techniques, (iii)NDEI calculation, and (iv)mass movement identification. Results illustrate the feasibility of using UAV-based imagery data to increase the accuracy of land changes information and produce rapid assessments of mass movements occurrence. Results show that the NDEI approach may increase the accuracy of land surface changes assessment and mapping, as well as enable the design of new methodologies to identify natural hazards and risks.
INTRODUCTION
The latest advances in remote sensing technologies have concluded to be efficient in topographic studies related to land surface changes, geomorphology, monitoring and control for disaster prevention. (Erdelj, Natalizio, 2016) . The United Nations Office for Disaster Risk Reduction (UNDRR) use tools and images for fieldwork information support, where the principal scope is monitoring and reviewing progress towards disaster risk reduction and resilience building (Wannous, Velasquez, 2017) . Some researches have shown that using multitemporal monitoring it is possible to observe the behavior land surface (Hill et al., 1995) , (Stow et al., 1996) . Land surface monitoring information is useful for sustainable land management, reduce landslide risks and to track land surface behavior due to natural transformations or land use processes such as agriculture (Gessesse et al., 2015) .
The most common remote sensing techniques used to monitor the land surface are satellite images (Chapin et al., 2005) , (Borrelli et al., 2017) . However, satellite studies have been developed with low resolutions (2 meters/pixel to 50 meters/pixel) to detect small changes in the models, also sampling and analysis are done in periods of up to one image for every 3 years. The advantage of using Unmanned Aerial Vehicles (UAV) is the multi-temporal sampling of research areas and acquisition of spatial information and digital elevation models, obtained from spectral and spatial analysis.
One of the most used technologies of the last years is the Unmanned Aerial Vehicles, the UAV began their development in * vdangulom@correo.udistrital.edu.co the military practice, to later carry out functions in civil environments and their prompt incorporation to carry out measures in mineral exploration (Muchiri, Kimathi, 2016) . In 2004, 2% of UAVs in the United States were used in civil operation (Newcome, 2004) , however, the development and impact of these technologies in different fields of science have expanded their use. The report of the International Association for Unmanned Aerial Vehicles (AUVSI), in 2013, show the economic impact of the use of unmanned aerial vehicles in the United States, the report shows that the benefit will be 82 billion dollars and more than 100,000 jobs will be created in the next years (Jenkins, Vasigh, 2013) .
At the present, one of the main applications of UAVs is the processing of information captured by UAVs with optical sensors to obtain Digital Elevation Models (DEM) and orthophoto mosaic (Uysal et al., 2015) , (Ruzgienė et al., 2015) , (Agüera-Vega et al., 2016) . The use of UAVs in topographic measurements has intensified due to advances in engineering and cost reduction (Cook, 2017) . Low-cost sensor technology installed in UAVs in recent years has allowed this remote sensing technology to be used in surveying and topographic applications (Clapuyt et al., 2016) , analyze natural behaviors in land surface changes as erosion (Bergstrom et al., 2019) , and methodologies for topography reconstruction (Rossi et al., 2017) .
Low-cost UAVs use optical sensors that acquire information with high spatial resolution, the sensors are low-cost cameras, which are used to produce information that is useful for making quick decisions (Fugazza et al., 2018) . Currently, in some areas at risk of mass movement, monitoring is carried out using topography fieldwork techniques, where the people who capture information are at high risk due to the conditions of the terrain, also these methodologies require a high time to perform work in areas of difficult access.The advantage of using UAV is the reduction of risk for the operator and the fieldwork is significantly reduced.
The mapping of land surface changes with remote sensing includes different techniques, the main methods are: (i) mapping of changes based on changes in spectral information, (ii) mapping of changes based on changes in planimetric (2D) information, and (iii) mapping of changes based on elevation changes. Studies have used digital elevation models to mapping changes in land surface to monitoring erosion, deposition, changes in volume and geomorphological behavior based in high-resolution model. (James et al., 2012) . When sampling in different periods of time, temporal analysis of the evolution of the digital elevation models and the changes in the different periods studied can be carried out. Previous studies have demonstrated the potential of the Normalized Difference Elevation Index (NDEI), based on images with UAVs, to identify changes in land surface elevation in different environments (Lizarazo et al., 2017) . NDEI index obtained from UAV-based imagery, is used to monitoring hollow formations caused by the collapse of ice in the glacier and to calculate land surface changes over three time periods (LIULeibao, 2019) .
The purpose of this paper is a novel technique that allows mapping changes in the land surface applied for the identification of mass movements. The representation of the uncertainty of the change in land surface elevation is done through the NDEI index. The method proposed in this article is: (i)UAV-based imagery data capture, (ii)data processing using SfM techniques, (iii)NDEI calculation, and (iv)mass movement identification.
This article is organized: First, the description of the study area used in this article, then a description of the method used, data capture, and processing, then a description of the NDEI index and its application for the identification of mass movements, then the results and conclusions are presented.
DATA AND METHODS
The method proposed in this article uses de index NDEI from UAV-based imagery images and low-cost sensors to map changes in land surface applied for the identification of massive movements. The method and data for identification of elevation changes is: (i) Study Area, (ii) data capture, (iii) data processing, (iv) NDEI, (v) identification of massive movements.
Study area
The study area is a sand mine of approximately 650 Ha, located in the zone of Zipaquira, Cundinamarca (Colombia). The area is located 42 kilometers northwest of the city of Bogota. The study area is at an approximate height of 2700 metres above sea level. With an approximate area of 10 ha, the study area selected in this paper is a material storage area of approximately 6000 sq.m. Figure 1 .
Data capture
There were 5 UAV-missions to capture images during the months of January, February, March, April and May 2016. Flights were performed at 70 meters altitude on photogrammetric flight routes programmed using the ground control station software. The photogrammetric missions were carried out with In order to obtain high precision Digital Elevation Models, a total of 10 ground control points (GCP), raised with the total station OS-105 were located in the field. These points were marked with white and red cross lenses so that they were easily identifiable in the images Figure 2b . 
Data processing
In this stage, the photogrammetric adjustment of the images captured with the unmanned aerial vehicle is made, the software used to make this adjustment is Agisoft Photoscan, this software searches for similar points by analyzing all the images captured. The algorithm used to make this photogrammetric adjustment is the SIFT adjustment function for machine vision, likewise uses binary descriptors to facilitate the work of the processor and match the key points of each image with its adjacent. Figure 3 .
The software uses UAV positioning sensors and ground control points to reconstruct the exact position and orientation of the optical sensor for each image acquired during the flight Figure 3 . Photogrammetric adjustment of the study area. Based on the alignment of the images, the coincident points are calculated with their coordinates in the MAGNA-SIRGAS reference system, with each point interpolation is made to form an irregular triangular network and a dense point cloud with positioning attributes and color value captured by the optical sensor. Once this process is completed, two Raster type products can be generated, the first is an Orthomosaic model and the second is a Digital Elevation Model, Figure 4 . 
NDEI: Normalized Difference Elevation Index
Normalized Difference Elevation Index, is a tool that can be used to identify and quantify patterns of spatial change from images obtained with unmanned aerial vehicles. Two digital elevation models are calculated in a different time period, the index can be calculated by generating a spatially distributed highresolution surface model that identifies the elevation changes between the second period and the first period. NDEI definition is, Equation 1:
where DEM = Digital elevation model's value DEMt1 = Value of the early DEM DEMt2 = Value of the later DEM
Mass movement identification
The results of the NDEI index between two time periods represent the decrease in elevation with values less than 0, and the increase in elevation with values greater than 0. These variations are caused by erosion, deposition, collapse, etc. The identification of the mass movement using the NDEI index can be made from the analysis of the data obtained between -1 and 1. Figure 5 , shows the calculated NDEI index of the study area, the red line is the selection of a terrain profile. The analysis of the terrain profile and the data obtained allow the identification of zones of mass movements, Figure 6 , shows the NDEI index data, the values greater than 0 correspond to an identified area where the elevation is increased between the periods t2 y t1, and the negative values correspond to an identified area where a decrease in elevation was performed between assessment periods. In the orthomosaics are clearly observable the changes that occur in the land surface through time between the first 4 months: January, February, March, and April. However, changes in the land surface between April and May are not evident to the naked eye. In the orthomosaics it is observed that the notable changes begin to occur from the month of March, due to the beginning of the rainy season, cracks begin to be created that are increasing in size due to the superficial runoff caused by intense rains. NDEI of January and February shows two large areas of deposition and loss of material, these changes correspond to movements of material made by the company of the mine, in this case no cracks are observed in the index. NDEI of the February-March periods shows two areas of material loss, one large area has its origin in the normal activities of the mine while for the other area it is evident that the runoff produced by the rains has generated several deep cracks in the terrain. The major changes in the terrain produced by the rain are observed in the months of March and April, while the change produced by the mine operations was small, the change produced by the runoff was remarkable. The cracks that began to form at the end of March become deeper causing instability and causing a large mass of adjacent soil to sink a few centimeters. In con- trast, between the periods of April and May, the changes in the terrain were minimal, this corresponded to a decrease in rainfall intensity mainly in the month of May. Table 1 shows NDEI statistics. It can be noted that the range of NDEI values is higher in the first period, January-February, because of the loss of surface in part of the study area and the deposition of material in other. It is also possible to see that for the periods of large surface change due to rainfalls, February-March and March-April, the range of NDEI values expanded as well as NDEI mean dropped. This decrease in NDEI mean to suggest that erosion is the main process in those periods. In contrast, in the last period, April-May, the range of NDEI values decreased and the mean value became positive close to 0 as a result of tiny land surface changes. (Figure 10a ) there are no areas affected by runoff but there is a large area of land change, this area corresponds to removal of material carried out by normal mine operations. The area of material deposition is not observed in this image because the method has focused on the detection of erosion zones. The change zones extracted from the index generated for the months of February and March (Figure 10b) shows, in addition to an area of material loss due to mine operations, the appearance of an area of cracks produced by erosion of the land surface caused by heavy rainfall at the end of March. In March and April (Figure 10c ) the operations in the study area were minimal so that the change land surface was mainly due to erosion caused by rainfall, so the areas detected of land surface loss correspond only to erosion caused by runoff as well as the sinking of an area contiguous to the cracks. The months of least change, as evidenced in the index, were April and May (Figure 10d ), in these months, both normal mine operations in this area and rainfall were minimal so the areas of change detected are small. In this case, the usefulness of using the index is evident, since the task of detecting with the naked eye these changes from the orthomosaics and the DEMs can be a very difficult task. 
CONCLUSIONS
The NDEI index can be applied to the analysis of geomorphology in a wide range of time, in our research we analyzed 5 periods with a difference of 30 days, where relevant information was obtained regarding the change of the land surface and the geomorphology changes of the study area, however care must be taken regarding the limitation of the accuracy of digital elevation models. Limitation due to errors and accuracy of the data should be included to improve the analyses proposed in this method.
The proposed method using unmanned aerial vehicles allows for increased spatial and temporal resolution, as well as access to places where fieldwork in remote areas may be unsafe or difficult to perform due to physical barriers. The proposed method is an option for making and understanding geomorphology changes and land surface changes. Studies have shown that multi-temporal monitoring allows risk management with low-cost tools. Using this method allows to have historical data of a great spatial resolution to construct digital models of elevation. Proposed method allows for a rapid mapping of land surface changes as long as it is simple to use and results are easy to depict as well as NDEI index made easy the creation of ranges for interpretation of land surface elevation changes.
